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1* ruler  <mr  experimental  conditions,  normal 
guinea  pig  pLvuna  has  little  or  no  ability  to 
detoxify  endotoxin.  In  the  preceding  |>aj>er,  we 
!■>!>•; wed  that  the  plasma  of  guinea  pigs  which 
were  injected  with  heparin  (|*xithcparin  plasma) 
acquired  endotoxin  detoxifying  activity  (1), 
This  finding  is  evidence  for  the  hypothesis  that 
!i|*>pmtcin  lijtaso  has  endotoxin  detoxifying 
jxnvct.  We  also  showed  that  in  parallel  with 
lijtoprotem  lipase  activity,  the  endotoxin  de¬ 
toxifying  activity  of  |io*thcparin  plasma  was 
prwnt  in  the  euglobulin  fraction,  and  it  re¬ 
quired  the  presence  of  serum  albumin  to  exhibit 
its  activity.  After  delipidixation  of  the  eugiobu- 
lin,  both  detoxifying  and  li|fOprotein  lipase  ac¬ 
tivity  were  preserved 

This  pajier  doscriltcs  furtlier  experiments  de¬ 
nned  to  furtlier  explore  the  relation  between 
the  endotoxin  detoxifying  behavior  of  |*ot-t- 
beparin  plasma  or  its  fractions  and  their  lij «»- 
protein  lipase  activity. 

MaTKRIAL*  ANU  MKTUOns 

(,'rneral  proetdurte  The  collection  of  guinea  pig 
(«os(lieparin  plasma,  the  preparation  of  the 
euglobulin  fractions,  *hr  methods  utilised  for 
testing  endotoxin  toxicity  for  It -dav-old  chick 
embryos,  the  titration  of  tines teri lied  fatty  acids 
released  on  incubation  with  endotoxin  or  lipemir 
guinea  pig  plasma  and  measurement  of  endo¬ 
toxin  turbidity  were  identical  to  those  described 
in  the  preceding  publication  (1). 

The  protocol  used  for  tearing  the  effects  of 

1  This  investigation  was  supported  in  psrt  by  a 
United  States  Public  Health  8ervice  Fellowship 
5-F2-AI-23,  SM-02  from  The  National  Institute  of 
A'brgy  and  Infectious  Disease*. 

•  Present  address:  Cordis  Laboratories,  Miami, 
Florida. 


the  starting  euglobulin  and  the  fractions  ob¬ 
tained  by  rohiinn  chromatography  on  endotoxin 
was  modified  from  that  described  previously 
(1)  in  the  following  «•  ty:  1.0  ml  of  the  endotoxin 
from  Kscheriehvi  eoli  (1.0  mg/ml)  and  2.0  ml 
of  5%  bovine  serum  albumin  were  incubated 
with  1.0  ml  of  the  guinea  pig  postheparin  plasma 
euglobulin  fraction,  2.0  ml  of  the  delipkliaed 
euglobulin  fraction  and  3.0  ml  of  the  pooled, 
concentrated  fractions  after  chromatography, 
rr*|)crtivfly.  'Hie  incubation  mixtures  which 
contained  euglobulin  or  delipklised  euglobulin 
were  brought  up  to  6.0  ml  with  0.066  M  phos¬ 
phate  buffer,  pH  7.8.  These  mixtures,  with 
controls,  were  incubated  at  37“C  for  2  hr.  At 
0  time  and  after  2  hr  incubation,  the  unesterified 
fatty  acids  and  the  endotoxin  turbidity  were 
measured.  The  toxicity  of  endotoxin  for  11 -day- 
old  chirk  embryos  was  also  determined  with 
aliquots  of  these  mixtures  after  2  hr  incubation. 

Fractionation  procedures 

birth  ylamio  orlh  yl  (DK  A  K) -cellulose  chroma¬ 
tography.  Chromatography  of  the  delipkliaed 
guinea  pig  p.istheparin  plasma  euglobulin  was 
done  in  a  column  (1.0  cm  by  42.0  cm)  containing 
washed  DF.A  E-cellulose  (Selectacrl,  Brown  Co.) 
anti  maintained  at  4*C.  The  column  and  de- 
iipidiied  euglobulin  fraction  were  equilibrated 
with  a  starring  0  01  M  phosphate  buffer  at  pH 
7.8. 

After  application  of  from  5.0  to  7.0  ml  of  the 
delipidiaed  euglobulin  fraction  to  the  column 
{f  to  10  mg  protein /ml),  the  effluent  was  col¬ 
lected  with  the  starring  0.01  M  phosphate  buffer, 
pH  7.8.  The  citrates  were  collected  by  using  a 
linear  gradient  of  NaCl  in  the  pH  7.8,  0.01  M 
phosphate  buffer  Three  cylinders  of  a  Varigrad 
apparatus  were  used  for  the  NaCl  gradient.  The 
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Ftgure  1.  Fractionation  of  the  delipidixed  euglobulin  fraction  from  guinea  pig  poatheparin  plasma  by 
diethylaminocthyl-celluloee  chromatography.  The  arrow  shows  the  beginning  of  the  NaCl -gradient 
(see  text). 


first  cylinder  contained  35.C  ml  of  the  storting 
phosphate  buffer,  the  second  cylinder  contained 
17.5  ini  of  the  storting  buffer  and  17.5  ml  of 
storting  buffer  with  0.25  M  NaCl,  and  the  third 
cylinder  contained  35.0  ml  of  storting  buffer 
with  0.25  M  NaCl. 

The  3-ml  fractions  were  collected  in  a  frac¬ 
tion  collector  and  the  optical  densities  were 
determined  in  a  Beckman  DU  spectrophotome¬ 
ter  at  280  mp. 

Except  for  preliminary  experiments,  all  frac¬ 
tions  were  collected  in  tubes  which  contained 
heparin  in  a  final  concentration  of  1.8  pg/ml. 
Samples  within  the  protein  peaks  were  pooled 
immediately,  concentrated  by  ultrafiltration 
and  stored  at  0°C  for  approximately  12  hr  until 
used. 

UUrafUtration.  A  model  50  Diaplex  Ultrafil 
cell  was  utilised  (Ami con  Corporation,  280 
Binney  Street,  Cambridge,  Maas.).  The  UM-1 
Diafio  membrane  was  used  which  had  a  flow 
rate  of  0.5  ml/rain  (2).  The  ultrafilter  cell  was 
enclosed  in  an  ice  jacket  and  maintained  at 
approximately  4°C  during  the  filtration  pro¬ 


cedure.  The  ultrafiltration  at  4°C  reduced  the 
flow  rate  by  approximately  50%  when  compared 
to  the  same  procedure  at  room  temperature. 

Immimodectrapkorun*.  The  fractions  were 
characterised  by  immunoelectrophoresis  using 
the  micro-modification  of  Scheidegger  (3).  A 
pooled  antiserum  from  rabbits  which  were  im¬ 
munised  with  the  guinea  pig  postheparin  plasma 
euglobulin  fraction  was  used. 

RK8DLTB 

DEAE-ceUuhm  fractionation.  The  delipidised 
euglobulin  fraction  from  guinea  pig  postheparin 
plasma  was  fractionated  on  DEAE-cellulose 
and  the  fractions  were  tested  for  their  ability  to 
protect  11-day  old  chick  embryos  against  the 
lethal  effects  of  endotoxin.  A  total  of  eight 
column  fractionations  were  done,  using  de- 
lipidised  euglobulin  prepared  from  eight  differ¬ 
ent  pools  of  fresh  guinea  pig  posthepsrL.  plasma. 
Figure  1  is  a  representative  elution  diagram. 

One  peak  of  protein  came  through  with  the 
0.01  M  phosphate  buffer  (Fig.  1).  (hi  applica¬ 
tion  of  the  NaCl  gradient,  two  or  three  further 
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TABLE  I 

Effect  of  euglobulin  fraction*  of  gutnea  pig  post¬ 
heparin  platma  on  toxicity  of  endotoxin,  release 
of  unesterified  fatty  acids,  and  the  endotoxin 
clearing  reaction 


Fraction 

Endo- 
toiin 
IX*e  per 

ea 

MorUlity 

(Death*/ 

Total 

Kff*)* 

Drad 

Unver¬ 

ified 

Fatty 

Ado* 

Released 

Eodo> 

toiin 

Ctearin* 

(dODjr 

« 

% 

hoWm* 

Euglobulin 

0.025 

12/12 

100 

0.52 

o.n 

0  0125 

8/14 

57 

Delipidized 

0.025 

10/12 

S3 

0.062 

0.04 

euglobulin 

0.0125 

8/14 

57 

Peak  l4 

0.025 

0.0126 

11/12 

12/14 

92 

86 

0.016 

0.025 

Peak  II' 

0.025 

11/12 

92 

A 

0.01 

0.0125 

10/14 

71 

Peak  III' 

0.025 

12/12 

100 

0.013 

0.0125 

10/14 

71 

Buffer 

0.025 

11/12 

92 

control 

0.0125 

0.0063 

11/12 

8/12 

92 

67 

0.0065 

0 

0.003lj  0/10 

0 

*  Embryos  incubated  (or  24  hr,  37‘C. 

*  AOD  (680  m*t)  represents  the  difference  be¬ 
tween  optical  density  at  time  0  and  2  hr  incuba¬ 
tion  at  37*C  minus  the  buffer  control. 

*  Represents  the  difference  between  unesterified 
fatty  acids  at  time  0  and  2  hr  at  37°C  on  incuba¬ 
tion  with  endotoxin. 

4  Tube  contents  pooled  and  concentrated  from 
diethylaminoethyl  cellulose  column. 

peaks  of  protein  appeared.  The  fractions  ob¬ 
tained  before  the  gradient  was  applied  (peak  I) 
usually  contained  only  two  proteins,  a  y-  and 
0-globulin,  detectable  by  inununoelectrophoretic 
analysis.  The  fractions  within  peak  II  contained 
3  to  4  0-globulins,  those  within  peak  III  con¬ 
tained  2  0-globulins  and  1  a-giobulin,  and  peak 
IV  contained  1  0-globulin  and  1  a-globulin. 
One  of  the  0-globulins  was  identified  as  the  third 
component  of  complement  and  was  usually 
found  in  the  first  peak  after  the  application  of 
the  gradient. 

Effect  of  DEAE-ce-Uuloee  fraction*  on  endo¬ 
toxin  toxicity.  Five  milliliters  of  the  delipidized 
euglobulin  were  fractionated  on  the  DEAE- 


cellulosc  column.  The  fractions  were  collected 
in  the  absence  of  heparin.  The  elution  diagram 
was  similar  to  the  one  shown  in  Figure  1  show- 
ing  one  protein  peak  in  the  effluent,  except  that 
the  demarcation  between  j'/oaks  III  a  d  IV  was 
not  clear.  The  fractions  within  each  protein 
j>eak  wore  |>ook.d  and  15.0  ml  from  peak  I,  .36.0 
ml  from  peak  IT  and  60.0  ml  from  peak  III  were 
concentrated  to  4.5  ml  by  ultrafiltration  (see 
Materials  and  Methods).  The  concentrated 
preparations  were  incubated  with  aibumin  and 
endotoxin  (1  mg/ml)  for  2  hr  at  37°C  and  tested 
for  toxicity  for  chick  embryos. 

Table  I  shows  that  both  the  euglobulin  and 
delipidized  euglobulin  fraction,  after  incubation 
with  albumin  and  endotoxin,  caused  detoxifica¬ 
tion  of  the  endotoxin  when  compared  to  the 
buffer  control.  The  pooled  and  concentrated 
preparations  from  peaks  I,  II  and  III,  after 
incubation  with  albumin  and  endotoxin,  caused 
little  or  no  detoxification  of  the  endotoxin. 

Unesterified  fatty  acids  were  also  measured 
in  this  experiment.  After  incubation  of  the 
euglobulin  or  delipidized  euglobulin  fraction 
with  endotoxin  and  albumin,  0.52  and  0.052 
Mmoles  of  unesterified  fatty  acid  were  released, 
respectively.  Essentially,  no  unesterified  fatty 
acids  were  released  after  incubation  of  the 
pooled,  concentrated  fractions  from  the  three 
peaks  with  --ndotoxin  and  albumin. 

In  results  not  shown  here,  the  starting  euglobu¬ 
lin,  the  delipidized  euglobulin  and  the  pooled, 
concentrated  fractions  within  the  protein  peaks 
were  incubated  with  lipemic  guinea  pig  plasma 
(chylomicrons),  and  albumin,  and  the  unesteri¬ 
fied  fatty  acids  were  measured.  Although  1.2 
mmoles  of  unesterified  fatty  acid  were  released 
from  the  euglobulin  mixture  and  0.59  pmoles 
from  the  delipidized  euglobulin  mixture,  no 
unesterified  fatty  acids  were  released  from  the 
mixtures  which  contained  the  concentrated 
fractions  from  the  three  protein  peaks. 

The  change  in  optical  density  (AOD)  is  also 
shown  in  Table  I.  A  value  of  0.11  was  obtained 
with  the  euglobulin-alburain-endotoxin  mixture 
and  0.04  with  the  delipidized  euglobulin  mixture. 
However,  a  significant  decrease  of  0.025  O.D. 
units  was  obtained  with  the  concentrated  frac¬ 
tions  of  peak  I;  no  decrease  occurred  with  the 
other  fractions. 

The  results  of  this  column  fractionation  in¬ 
dicated  that  either  the  DEAE-celluloae  had 
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destroyed  the  endotoxin  detoxifying  factor,  as 
well  a l  lipase  activity,  or  an  essential  co-factor 
was  removed  by  the  cellulose. 

Restoration  of  endotoxin  detoxification  activity 
with  heparin.  It  was  shown  by  Robinson  (4) 
and  also  by  Korn  (5)  that  heparin  is  an  essential 
co-iactor  for  the  entyme,  lij'oprotein  lipase. 
Robinson  (4)  demonstrated  that  on  passage  of 
postheparin  plasma  down  an  anion-exchange 
column  the  lipoprotein  lipase  lost  activity  after 
it  was  incubated  at  37°C  for  10  min.  He  showed 
tiiat  heparin,  which  is  strongiy  anionic,  was 
partially  or  totally  retained  on  the  anion  ex¬ 
change  resin.  The  inactivation  of  lipoprotein 
lipase  after  incubation  at  37°C  was  prevented 
by  addition  of  heparin  to  the  fractions  from  the 
effluent. 

Thus,  in  two  subsequent  experiments,  heparin 
was  added  to  each  fraction  collection  tube  so 
that  each  tube  contained  a  final  concentration 
of  1.8  jig/ml.  The  delipidixed  cuglobulin  (6.3  ml) 
was  placed  on  a  DEAE-celluiose  column  and 
fractionated  exactly  as  above,  the  only  differ¬ 
ence  being  the  heparin  in  the  collection  tubes. 
The  samples  within  the  peaks  were  pooled  and 
concentrated  by  ult-afiltration.  Twenty-one 
milliliters  from  Peak  I  (Fig.  1),  was  concentrated 
to  5.3  ml,  39  ml  from  peak  II  was  concentrated 
to  4.4  ml,  30  ml  from  peak  III  was  concentrated 
to  4.2  ml  and  30  ml  from  peak  IV  was  concen¬ 
trated  to  4.8  ml.  These  concentrated  preparations 
were  incubated  with  albumin  and  endotoxin  for 
2  hr  at  37°C  and  tested  for  toxicity  for  chick 
embryos. 

Table  II  demonstrates  that  both  the  euglobu- 
liu  and  delipidixed  euglobulin,  incubated  with 
albumin  and  endotoxin,  detoxified  the  endotoxin 
when  compared  to  the  buffer  control. 

Of  the  pooled,  concentrated  fractions  from 
the  four  protein  peaks,  only  peak  I  caused  sig¬ 
nificant  endotoxin  detoxification. 

The  release  of  unesterified  fatty  acids  was 
also  measured  in  these  experiments  (Table  II). 
Almost  as  much  unesterified  fatty  acid  was  re¬ 
leased  (0.033  jimoles)  following  incubation  of 
the  pooled,  concentrated  fractions  from  peak  I 
with  endotoxin  as  when  the  delipidixed  euglobu¬ 
lin  was  used  (0.049  jimoles).  Almost  no  fatty 
acid  release  was  caused  by  the  pooled,  concen¬ 
trated  peaks  II,  III  and  IV. 

In  results  not  shown  here,  the  euglobulin 
fractions  were  also  incubated  with  lipemic 


TABLE  II 

Effect  of  heparin  on  the  euglobulin  fractions  of 
guinea  pig  postheparin  plasma  on  toxicity  of 
endotoxin ,  release  of  unesterified  fatty  acids,  and 
Ike  endotoxin  clearing  reaction 


Mor’ilUy 

(DetW 

Total 

E***r 

Uoext.r- 

ifed 

Fatty 

Acida 

Krltaaed 

Endo- 

Fraction 

toxin 
Dost  ra 

Cm 

Drxd 

to  lie 
Cktrtaf 
(AOOi* 

Hi 

% 

tsmslts* 

Euglobulin 

0.0125 

6/12 

50 

0.50 

0.14 

0  0063 

3/14 

21 

Delipidixed 

0.0125 

6/12 

30 

0.049 

0.04 

euglobulin 

0.0063 

2/M 

14 

Peak  I  (tubes 

0.0125 

7/12 

58 

0.033 

0.03 

7-13)' 

0.0063 

3/14 

21 

Peak  II 

0.0125 

11/12 

92 

0.0078 

0.01 

(tubes  45- 
57)' 

0.0063 

7/14 

50 

Peak  III 

0.0125 

9/12 

76 

0.0078 

0.02 

(tubes  69- 
68)' 

0.0063 

3/12 

67 

Peak  IV 

0.0125 

11/12 

92 

0.0033 

0.01 

(tubes  71- 

0  0063;  10 '12 

83 

80)' 

Buffer 

0.0125)  11/  .2 

92 

control 

0.0063 

8/12 

67 

0.0033 

0 

0.0031 

3/12 

25 

•  Embryos  incubated  for  24  hr,  37°C. 

‘  AOD  (650  m m)  represents  the  difference  be¬ 
tween  optical  density  at  time  0  and  2  hr  incuba¬ 
tion  at  37°C  minus  the  buffer  control. 

*  Represents  the  difference  between  unesterified 
fatty  acids  at  time  0  and  2  hr  at  37*C  on  incuba¬ 
tion  with  endotoxin. 

'  Tube  contents  collected  in  heparin  {lJJ 
(ig/ml),  pooled,  and  concentrated  from  diethyl- 
aminoethyl  cellulose  column,  Figure  1. 

guinea  pig  plasma  (chylomicrons)  and  albumin, 
and  the  unesterified  fatty  acids  were  measured 
after  incubation  for  2  hr  at  37°C.  When  the 
euglobulin  fraction  was  incubated  with  chylo¬ 
microns  and  albumin,  1.5  mmoles  of  unesterified 
fatty  acid  were  detected,  but  this  was  reduced 
to  0.27  mmoles  with  the  delipidixed  euglobulin. 
Incubation  of  the  pooled,  concentrated  fractions 
from  peak  I  with  chylomicrons  and  albumin 
caused  the  release  of  0.039  Mmoles  of  unesterified 
fatty  acid.  This  value  was  slightly  less  than  that 
obtained  from  the  endotoxin-delipidixed  euglobu- 
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TABLE  III 

Effect  of  heat  on  euglobulin  fraction t  of  nuinea  pig 
poitheparin  platma  on  toxicity  of 
endotoxin 


Friction 

'iaio- 

toila 

Dote 

& 

Mortality  j 
( Dei  th* /Total 

E«t*>#  ia 

Experiment 

! 

Dead  in 

1  Experiment 

' 

1 

!  ■ 

1  1  I 

i  » 

Ht 

% 

% 

Euglobulin 

0.026 

6/16 

N.D.‘ 

40 

0.0125 

4/15 

27 

N.D. 

0.0063 

1/14 

7 

Euglobulin 

0.0125 

6/15 

N.D. 

40 

N.D. 

(heated)' 

Delipidixed 

0.025 

10/16 

12/15 

67 

80 

euglobulin 

0.0125 

3/15 

5/16 

20 

33 

0.0063 

2/14 

0/15 

14 

0 

Delipidixed 

0.025 

N.D. 

12/15 

N.D. 

80 

euglobulin 

0.0125 

6/16 

7/16 

40 

47 

(heated)' 

0.0063 

N  D. 

0/14 

N.D. 

j 

0 

Buffer  control 

0.0125 

14/15 

9/14 

93 

64 

0.0063 

7/15 

6/14 

47 

43 

0  0031 

0/14 

0/14 

0 

0 

*  Embryos  incubated  for  24  hr,  37°C. 

*  Not  done. 

*  Heated  M*C,  H  hr. 


lin  mixture  in  Table  II  (0.049  Mmoler),  but  ap¬ 
proximately  the  same  as  that  obtain*  *  from  the 
peak  I  endotoxin  mixture  (0.035  Mmoles).  Es¬ 
sentially,  no  unesterified  fatty  acids  were  re¬ 
leased  when  the  pooled  concentrated  fractions 
from  peaks  II,  III  and  IV  were  incubated  with 
chylomicrons  and  albumin. 

Finally,  the  AOD  of  each  of  the  euglobulin- 
endotoxin  mixtures  was  determined.  The  clearing 
activity  of  the  concentrated  fractions  from  peak 
I  (0.03)  was  slightly  lees  than  that  of  t*~  •»  starting 
delipidised  euglobulin  (0.04).  The  concentrated 
fractions  from  the  remaining  peaks  had  little 
or  no  clearing  activity. 

A  second  column  fractionation  experiment 
was  carried  out  in  exactly  the  same  way  as 
described  above  and  identical  results  were  ob¬ 
tained. 

A  comparison  of  the  results  obtained  from  the 
column  chromatography  experiments  (Tables 
I  and  II)  demonstrates  the  following:  1)  The 


addition  of  1.8  ttg/m\  of  heparin  to  the  collection 
tube',  was  essential  for  maintaining  the  endotoxin 
detoxifying  activity  during  the  column  frac¬ 
tionation.  2)  The  endotoxin  detoxifying  factor 
was  found  in  the  effluent  (peak  I)  after  the  column 
fractionation,  but  not  in  the  fractions  collected 
after  application  of  the  NaCl-gradicnt. 

The  lipoprotein  lipase  activity,  although 
greatly  reduced,  was  also  found  in  peak  I. 

Effect  of  heating  euglobulin.  Unheated  and 
heated  (56°C,  %  hr)  aliquots  of  both  the  post¬ 
heparin  plasma  euglobulin  and  the  delipidised 
euglobulin  were  incubated  with  albumin  and 
endotoxin,  and  the  mixtures  were  injected  into 
chick  embryos.  Table  III  reveals  that  in  Ex¬ 
periment  1  83%  of  the  chick  embryos  died  after 
injecting  0.0125  Mg  of  endotoxin  from  the  buffer 
control.  The  injection  of  0.0125  Mg  of  endotoxin 
from  the  unheated  euglobulin  mixture  caused 
27%  of  the  chick  embryos  to  die  and  40%,  if 
the  euglobulin  was  heated. 

To  test  the  heat  stability  of  the  delipidixed 
euglobulin  fraction,  preparations  were  made 
from  two  different  postheparin  jxx)ls  and  uti¬ 
lised  in  Experiments  1  and  2.  Only  20%  of  the 
embryos  died  after  injecting  0.0125  Mg  of  endo¬ 
toxin  from  the  unheated  delipidixed  euglobulin 

TABLE  IV 

Effect  on  toxicity  of  endotoxin •  of  euglobulin 
fraction t  from  guinea  pig  poitheparin 
platma  with  incubation  time 


Friction 

IacubntioD 

Time 

Mortility 

(Dtatha/TcUl 

zu»r 

Dt»d 

min 

% 

Delipidixed 

0 

12/14 

86 

euglobulin 

10 

11/14 

79 

20 

11/14 

79 

40 

8/14 

67 

60 

6/14 

43 

Delipidixed 

0 

12/14 

86 

euglobulin 

10 

8/14 

67 

(heated)' 

20 

8/14 

57 

40 

8/14 

67 

60 

5/14 

36 

Buffer 

0 

13/14 

93 

control 

60 

13/14 

93 

•  Endotoxin  dose  per  egg  was  0.0126  Mg. 

•  Embryos  incubated  for  24  hr,  37°C. 

•  Heated  66*C,  H  hr. 
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mixture  (Exp.  1)  and  40%  died  after  the  dc-  euglobulin  mixture.  This  was  reduced  to  0.01 
lipidized  euglobulin  fraction  was  heated.  Es-  pmoles  after  the  heat  treatment, 
sentially  the  same  wits  were  obtained  in  Ex-  From  these  data,  it  is  apparent  that  the  enoo- 
periment  2.  Experiment  2  also  shows  that  no  toxin  detoxifying  factor  found  in  punted  frac- 
embryos  died  when  both  the  heated  and  un-  tions  of  postheparin  plasma  was  partially  heat 
heated  fractions  were  incubated  with  albumin  stable,  at  least  at  the  concentrations  of  euglobu- 
and  endotoxin,  and  0.0063  pg  of  the  endotoxin  lin  used.  The  endotoxin  clearing  and  lipase  ac- 
was  injected,  in  comparison  to  43%  with  the  tivities  were  greatly  reduced,  but  not  completely 
buffer  control  destroyed,  by  this  treatment. 

Although  not  shown  here,  endotoxin  clearing  Time  cemree  of  detoxification  by  heated  and  un- 
and  the  release  of  unesterified  fatty  acids  were  heated  euglobulin.  Unheated  and  heated  de- 
also  measured  in  these  experiments.  The  AOD  lipidized  euglobulin  were  incubated  with  albumin 
of  the  unheated  euglobt Jin-albumin-endotoxin  and  endotoxin  for  1  hr  at  37°C  and  aliquotc  were 
mixture  was  0.105.  This  was  reduced  to  0.015  removed  at  selected  time  intervals  to  measure 
after  the  euglobulin  was  heated,  a  reduction  of  endotoxin  toxicity  for  chick  embryos,  uneateri- 
86%.  Similarly,  0.14  pmoles  of  unesterified  fatty  fied  fatty  acid  release  and  endotoxin  clearing, 
acid  were  released  from  the  unheated  euglobulin-  For  each  time  period,  0.0125  pg  of  endotoxin 
albumin-endotoxin  mixture,  but  this  was  reduced  was  injected  per  embryo.  Incubation  of  the 
to  0.04  pinoles  from  the  heated  mixture.  unheated  delipidized  euglobulin  with  albumin 

When  the  delipidized  euglobulin  fraction  was  and  endotoxin  showed  that  86%  of  the  embryos 
tested  for  lipase  activity  with  chylomicrons  as  died  at  0  time  (Table  IV).  Endotoxin  toxicity 
the  substrate,  0.49  pmoles  of  unesterified  fatty  diminished  until  after  1  hr  incubation,  and  only 
acid  were  measured  from  the  unheated  delipidized  43%  of  the  embryos  were  dead.  With  the  heated 


Figure  t.  Release  of  unesterified  fatty  acids,  and  endotoxin  clearing,  after  the  heated  (66*0,  if  hr) 
and  unheated  delipidised  guinea  pig  euglobulin  fraction  were  incubated  with  Eteheriehio  colt  endotoxin. 
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preparation,  a  similar  diminution  in  endotoxin 
toxicity  occurred  until,  after  60  min,  only  33% 
of  the  embryos  dic'd.  These  observations  with 
tnr  unheated  and  heated  fractions  differed 
significantly  from  the  buffer  control,  where  93% 
of  the  embryos  died. 

In  Figure  2,  the  results  of  the  unesterificd 
fatty  acid  measurement  and  the  endotoxin 
clearing  reaction  are  shown.  When  the  unheated 
delipidized  euglobulin  wa;  incubated  with 
albumin  arid  endotoxin,  an  increasing  qu&i.-'ity 
of  unesterificd  fatty  acids  was  measured  with 
time.  More  unesterificd  fatty  acids  were  measured 
at  the  40-min  interval  than  after  60  min  which 
may  be  due  to  oxidation  of  the  liberated  fatty 
acids.  The  reduction  in  ti testable  uncsterified 
fatty  acids  was  also  observed  when  the  experi¬ 
ment  was  repeated. 

It  Ls  also  apparent  that  the  unheated  delipi¬ 
dized  euglobulin  caused  a  progressive  decrease 
in  ondotoxin  turbidity  with  time.  By  heating 
the  fraction,  both  the  clearing  reaction  and  the 
lipase  activity  were  practically  abolished. 

discussion 

In  the  preceding  paper,  a  parallel  was  found 
between  the  endotoxin  detoxifying  action  of 
guinea  pig  posthenarm  plasma  or  its  euglobulin 
fraction  and  the  presence  of  lijwprotein  lipase 
(1).  Only  after  guinea  pigs  were  injected  with 
heparin  was  their  plasma  capable  of  detoxifying 
endotoxin  and  only  then  did  they  show  lipo¬ 
protein  lipase  aet'on.  Both  the  endotoxin  de¬ 
toxifying  factor  and  lipoprotein  lipase  were 
found  in  the  euglobulin  fraction  and  the  lipid- 
rich  portion  of  the  euglobuitn  fraction  after 
delipidization.  The  endotoxin  detoxifying  and 
lipoprotein  lipase  activities  of  the  euglobulin 
both  required  the  presence  of  serum  albumin  for 
their  demonstration. 

We  concluded  from  these  observations  that 
even  though  all  the  evidence  showed  that  the 
endotoxin  detoxifying  factor  and  lii>oprotein 
lipase  are  the  same,  the  evidence  was  indirect 
and  insuffic  nt.  In  this  investigation,  we  at¬ 
tempted  to  add  more  evidence  to  the  hypothesis 
that  lipoprotein  lipase  can  detoxify  endotoxin. 

Initial  attempts  to  purify  the  endotoxin  de¬ 
toxifying  factor  and  !i[>oprotein  1,,  ase  by  DEAE- 
cellulose  chromatography  without  the  addition 
of  heparin  were  unsuccessful  (Table  I).  As 
Robinson  (4)  did  for  lipoprotein  lipase,  heparin 


Ivor..  98 

was  added  to  the  collection  tubes  prior  to  chroma¬ 
tography  of  the  delipidized  euglobulin  fraction. 
It  wa3  found,  after  collecting  the  fractions  in 
tubes  containing  heparin,  that  both  the  endo¬ 
toxin  detoxifying  factor  and  li|>oprotein  lipase 
were  active  and  both  activities  were  found  only- 
in  the  fractions  from  the  effluent  (Table  II, 
peak  I).  The  results  indicate  that  heparin  is 
required  not  only  for  the  lipoprotein  lipase  ac¬ 
tivity  of  postheparin  guinea  pig  plasma,  but 
also  for  the  endotoxin  detoxifying  activity  as 
well.  This  is  a  further  si  nilarity  and  a  remark¬ 
ably  close  one  between  the  two  activities.  The 
use  of  heparin  also  allowed  the  demonstration 
in  the  same  cxj>erimcnts  that,  after  DEAE- 
cellulose  chromatography,  lifjoprotcin  lipase 
and  endotoxin  detoxifying  activity  were  present 
in  the  same  fraction.  Here,  also,  the  two  activities 
behaved  the  same. 

Hea*ing  the  euglobulin  or  delipidized  euglobu¬ 
lin  fractions  at  56°  for  J<£  hr  was  seemingly  suc¬ 
cessful  in  separating  the  two  activities.  There 
was  little  or  no  change  in  endotoxin  detoxifying 
activity  after  heating,  but  the  lipoprotein  lipase 
activity  was  reduced  to  negligible  amounts 
The  interpretation  of  the  differentia!  effect  of 
heat  on  the  two  activities  is  uncertain.  The 
simplest  interpretation  and  one  yvhich  cannot  lx? 
contradicted  by  presently  available  evidence  is 
that  the  trvo  activities  are  die  property  of  two 
different  molecular  species  with  different  heat 
stabilities.  An  alternative  explanation  is  that  the 
apparent  differences  in  heat  stability  reflect 
differences  in  the  steepness  of  the  dose-response 
curves  given  by  the  txvo  activities;  the  endotoxin 
detoxifying  activity  giving  a  very  shallow,  and 
the  lijKjprotein  lipase  activity  a  very  steep  one. 
That  this  is  not  wholly  an  hyiwthesis  of  despera¬ 
tion  is  seen  in  Table  V,  Experiment  2,  of  the 
preceding  paper.  In  this  experiment,  there  xvas 
no  difference  detectable  in  the  endotoxin  de¬ 
toxifying  activity  of  0.5  ml,  0.25  or  0.125  ml  of  a 
euglobulin  preparation.  In  addition,  Skarnes 
et  ai.  (6)  found  that  when  relatively  large  amounts 
of  the  endotoxin  detoxifying  com|x>nent  in 
human  plasma  were  tested,  after  heating  at  56° 
for  an  hour,  the  activity  appeared  heat  stable. 
However,  when  minimal  amounts  were  compared 
the  beat  lability  of  the  endotoxin  detoxifying 
activity  was  clear)}  evident. 

It  is  obvious  that  despite1  the  several  and  de¬ 
tailed  similarities  in  behavior  of  lipoprotein 
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lipase  and  endotoxin  detoxifying  activity,  under 
widely  varying  conditions,  there  is  no  clear-cut 
evidence  that  they  are  two  activities  of  the  same 
molecule.  Neither  is  the  apparent  difference  in 
heat  stability  of  sufficient  assurance  tliat  the  two 
activities  are  properties  of  different  molecules. 
Furthi .  purification  of  both  activities  is  indi¬ 
cated  before  any  conclusion  should  be  drawn. 
The  resulte  described  here  and  in  the  preceding 
paper  (1)  indicate  that  such  purification  should 
be  woi  uiwime. 

Initially,  it  was  thought  that  lipoprotein 
lipase  was  resixinsible  for  the  endotoxin-clearing 
reaction.  This  was  based  on  observations  that, 
under  our  experimental  conditions,  the  cuglobu- 
iin  lraction  from  either  normal  guinea  pig  serum 
or  plasma  did  not  clear  endotoxin,  but  the  post¬ 
heparin  plasma  euglobulin  fraction  did.  Further¬ 
more,  both  the  endotcxin-clearing  reaction  and 
lipoprotein  lipase  activity  were  abolished  by  heat. 
It  was  thought  that  lipoprotein  lipase  may  clear 
endotoxin  by  disaggregating  the  macromolecules 
in  a  manner  similar  to  that  described  for  sodium 
dodecvl  sulfate  (7)  or  sodium  deoxvcholate  (8). 
The  observation  that  the  peak  I  fractions  col¬ 
lected  without  the  addition  of  heparin  cleared 
endotoxin,  but  had  no  detoxifying  or  lipase  ac¬ 
tivity  suggests  that  lipoprotein  lipase  is  not  in¬ 
volved  in  the  endotoxin-clearing  reaction.  Ex¬ 
tension  of  the  same  reasoning  also  suggests  the 
clearing  and  detoxifying  reactions  are  inde¬ 
pendent. 

Endotoxin  is  a  complex  molecule  whose  bio¬ 
logic  properties  can  probably  be  modified  in  a 
number  of  different  ways.  Comparison  of  the 
work  reported  here  with  some  of  tne  published 
work  of  others  is  in  accord  with  this  view.  Skarnes 
(9)  has  reported  that  the  disaggregation  of 
endotoxin  was  related  to  the  presence  of  a  heat- 
stable  alphai-lipoprotein  esterase.  After  dis¬ 
aggregation,  a  heat-labile  alphai-globulin  esterase 
was  thought  to  detoxify  endotoxin.  Because  of 
many  notable  differences  between  the  endotoxin 
disaggregating  and  detoxifying  factors  of  Skarnes 
and  the  postheparin  plasma  factor,  they  are 
probably  different  entities.  However,  it  is  in¬ 
teresting  that  Skarnes  mentioned  a  ^-lipopro¬ 
tein  fraction  of  human  serum  which  degraded 
endotoxin. 

A  hypothesis  has  been  presented  by  Rudbach 
et  al.  (8)  to  explain  the  detoxification  cf  endo¬ 
toxin  by  plasma:  endotoxin  is  first  depolymerixed 


by  substances  in  plasma  with  surfactant  prop¬ 
erties  into  smaller  molecular  weight  units,  which 
are  then  bound  bj  plasma  proteins.  By  using 
the  proteolytic  enzyme  promise,  the  endotoxin- 
bound  protein  was  digested  off,  followed  by 
ethanol  precipitation  (10).  This  treatment 
restored  the  endotoxin  activity.  There  seem  to 
be  clear-cut  differences  between  our  results  and 
those  rejyirted  by  Rudbach  et  al.  (8) 

SOMMAUY 

Fractionation  of  the  dclipidized  euglobulin 
from  guinea  pig  jxistheparin  plasma  on  DEAE- 
cellulose  resulted  in  one  protein  peak  in  the 
effluent  and  two  to  three  protein  peaks  following 
an  NaCl-gradient.  Both  endotoxin  detoxifying  ac¬ 
tion  and  lipoprotein  lipase  activity  were  found 
in  the  fractions  prior  to  the  application  of  the 
NaCl-^radi-  .t,  if  the  fractions  were  collected 
in  heparin.  Without  added  heparin,  neither  of 
the  two  activities  was  obtained.  Associated  with 
both  deto-  _  ig  and  lipase  activities  was  the 
release  of  uncsterified  fatty  acids  and  the  endo¬ 
toxin-clearing  reaction. 

Heating  the  [xisthepariu  plasma  euglobulin 
fraction  either  had  no  effect  or  partialiy  inacti¬ 
vated  the  endotoxin-detoxifying  factor,  but  de¬ 
stroyed  lipoprotein  lipase  activity.  Both  un- 
esterified  fatty  acid  release  from  the  cr.dotoxin- 
albumin-euglobuliu  mixtures  and  the  endotoxin¬ 
clearing  reaction  were  destroyed  by  heat 
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